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Abstract: The efficacy of cold plasma for inactivation of food-borne pathogens in foods is established. However, insights on cold plasma-food interactions in terms of quality effects, particularly for oils and fats are sparse. This study evaluated plasma induced lipid oxidation of model matrices namely dairy and meat fats. Product characterization was performed using FTIR, 1H NMR and chromatographic techniques. The oxidation of lipids by cold plasma followed the Criegee mechanism and typical oxidation products identified included ozonides, aldehydes (hexanal or pentenal, nonanal, nonenal) and carboxylic acids (9oxononanoic acid, octanoic acid, nonanoic acid along with hydroperoxides (9-and13-hydroperoxy-octadecadienoylglycerol species). However, these oxidation products were only identified following extended treatment times of 30min and were also a function of applied voltage level. Understanding cold plasma interactions with food lipids and the critical parameters governing lipid oxidation is required to design appropriate industrial adoption of the technology for food products with high fat contents. 49 2.3. FTIR spectroscopy 135 The IR spectra were recorded in absorbance mode at 4 cm −1 resolutions, using a Spectrum GX 136 FT-IR (Perkin Elmer, Dublin, Ireland) equipped with an attenuated total reflectance (ATR) over 137 the frequency range 4000-400 cm −1 . The sample measurements were replicated for all the 138 individual samples of each treatment class. Analyses were carried out at room temperature of 139 25°C. The background was collected before every sample was measured. 141 Samples were evaluated for fatty acid composition using the GC-FID. Individual fatty acid 142 methyl esters (FAME) were identified using FAME standards (Sigma Chemicals, Ireland) were 143 used to calculate the percentage of fatty acids based on its peak area. A 144 BRUKER SCION 456 GC equipped with a flame ionization detector and Zebron ZB-5MS 145 capillary column with dimension 30 m x 0.25 mm I.D and 0.25 µm thickness is employed. 146 Helium was used as the carrier gas and the flow rate was set at 1mL min −1 . Samples were 147 injected with a split ratio (1:10). The GC oven temperature was programmed as: The changes in the functional groups for both dairy and beef fat were revealed using FT-IR 175 analysis. The representative spectra of the control and plasma treated dairy and beef fats are 176 presented in Fig.1 The analytical evaluation of the dairy and beef fat spectra were previously 177 reported (M. a. D. Guillén & Ruiz, 2001 to C=C stretching (cis) and a major peak at 1454 cm −1 assigned to C-H bending (scissoring). The (60, 70 and 80 kV) grouped into cluster 2 with 70 kV for 9 min (2 nd replicates as center).
Fatty acid composition
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Moreover, the majority of samples treated for 3 min and 6 min were grouped into cluster 3.
255
However, it may be noted that some of the replicates of treated samples are separately grouped oleic acid in beef fat to form hydroperoxides. The reaction proceeds (see Fig.4(a) ) with a free producing a mixture of 9-hydroxy-trans-10, cis-12-and 13-hydroxy-cis-9, trans-1-369 octadecadienoate (Frankel, 1984) . The evidence of these hydroperoxy species were confirmed by 370 resonances centered at 4.05, 5.56, 6.35, 5.90 and 5.30 ppm which correspond to 13, 12, 11, 10, 9 371 position protons respectively, of conjugated diene cis, trans-13-hydroxydiene isomer (Haywood, 372 et al., 1995) . The steps involved (see Fig.4(b) ) include selective hydrogen abstraction to form a 373 pentadienyl hybrid radical which upon reaction with plasma reactive species would result in 9-374 and 13-hydroperoxy-octadecadienoylglycerol species (Frankel, 1984) . Similar hydroperoxy 375 species were detected and a mechanism of formation explained by Chan et al., (1980) . Similar products were also reported in photosensitized methyl linoleate samples by Neff et al.,(1983) . 385 However, the absence of the signals at 4.66 ppm in both the dairy and beef 1 H NMR spectra rules 386 out the formation of hydroperoxy epidioxide as plasma oxidized products. Further investigation 387 was also carried out to elucidate the possible formation of other dihydroperoxides. 1.50-1.80 and 0.92 ppm correspond to 8-13-dihydroperoxy-trans-9,trans-11-and 9,14-391 dihydroperoxy-trans-10,trans-12-octadecadienoates (Neff, Frankel, Selke, & Weisleder, 1983) .
392
The formation of hydroperoxides and diperoxide was further confirmed by the peroxide value 393 experiments. The plasma treatment increased the peroxide value of both dairy and beef fat. The 394 peroxide value of control samples was 7.5 mEq O 2 / kg for dairy and 10 mEq O 2 / kg for beef fat.
395
The 80KV 30 min of plasma treatment increased the peroxide value to 23 mEq O 2 / kg for dairy 396 and 17 mEq O 2 / kg for beef fat respectively. The formation of these peroxides is due to reaction 397 of plasma species with unsaturated fatty acid following the Criegee mechanism. However, the 398 mechanism of formation of these dihydroperoxides after plasma treatment should requires 399 further investigation. Travagli, 2010) and the formation of this ozonide was also supported by bands at 1105 cm -1
404
,1170 cm -1 , 1195 cm -1 in the IR spectra. From Fig.3 (a) and (b 
